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Sonar (which is short for SOund NAvigation and Ranging) 
systems are used to determine water depth, as well as to 

locate and identify underwater objects. In use, an acoustic 
signal or pulse of sound (often called a ping) is transmitted 
into the water by a sort of underwater speaker known as a 
transducer. The transducer may be mounted on the hull of a 
ship, or may be towed in a container called a towfish. If the 
seafloor or other object is in the path of the sound pulse, the 
sound bounces off the object and returns an “echo” to the 
sonar transducer. The time elapsed between the emission 
of the sound pulse and the reception of the echo is used to 
calculate the distance of the object. Some sonar systems 
also measure the strength of the echo, and this information 
can be used to make inferences about some of the reflecting 
object’s characteristics. Hard objects, for example, produce 
stronger echoes than softer objects. This is a general 
description of “active sonar.” “Passive sonar” systems do 
not transmit sound pulses. Instead, they “listen” to sounds 
emitted from marine animals, ships, and other sources. 

Multibeam sonar is one of the most powerful tools available 
for modern deep-sea exploration. A multibeam system 
uses multiple transducers pointing at different angles 
on either side of a ship to create a swath of signals. The 
Okeanos Explorer is equipped with a Kongsberg Simrad EM 
302 multibeam system that can produce up to 864 depth 
soundings in a single ping. The time interval between signal 
transmission and return echo arrival is used to estimate 
depth over the area of the swath. In some systems, the 
intensity of the return echo is also used to infer bottom 
characteristics that can be used for habitat mapping. In 
addition to high-resolution maps, multibeam data can be 
used to create three dimensional models or even “fly-
through” videos that simulate a trip across the area being 
mapped. For a fascinating example of this, see http://
oceanexplorer.noaa.gov/explorations/02fire/logs/jul08/
media/sm2k.html. This 3D fly-through movie shows the 
seafloor in the Magic Mountain area of Explorer Ridge 
(near the coast of Vancouver Island) where there are active 

Introduction to Multibeam Sonar

Illustration of a ship using a hull-
mounted multibeam sonar while 
towing a side-scan sonar on a cable. 
Both sonars map the seafloor in a 
swath below the ship as it drives 
forward. Image courtesy of NOAA.
http://oceanexplorer.noaa.gov/
explorations/04fire/background/
hirez/multi_sonar_hires.jpg
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The EM302 gives us a high resolution “bird’s eye” view of large 
areas. What we see underwater is similar to what we see around 
us every day. In the above image, a panorama of mountains and 
volcanoes sit majestically near a massive river delta surrounded by 
a soft sand beach. Since what we see here is actually underwater, 
there are, of course, no rivers or river deltas, or mountains and sand 
bars, but seeing these features makes one wonder how an area 
like this was formed. Image courtesy of NOAA Okeanos Explorer 
Program, INDEX-SATAL 2010.
http://oceanexplorer.noaa.gov/okeanos/explorations/10index/logs/
july31/media/seamount_channels.html

hydrothermal vents. To see what the vents look like, you can view other fly-throughs of 
the same area at http://oceanexplorer.noaa.gov/explorations/02fire/logs/magicmountain. 

Recently, a new generation of multibeam sonars has been developed that are able to 
map features in the water column as well as the seafloor. This ability will potentially 
allow multibeam sonars to map the location of fish and marine mammals, as well as a 
wide range of physical oceanographic processes. On May 17, 2009, the Okeanos Explorer 
was testing its multibeam sonar mapping system off the coast of California. Suddenly, the 
multibeam image showed a plume of what scientists believe may be methane gas rising 
vertically 1,000 meters from the ocean floor. No such feature had ever been reported 
from this area before. You can see a video simulation that shows how multibeam sonar 
discovered this plume, and provides a graphic overview of how multibeam works here: 
http://oceanexplorer.noaa.gov/okeanos/media/movies/ex_podcast_video.html. 

An important technique for studying multibeam images uses a 3-dimensional data 
visualization system called Fledermaus (which is the German word for “bat,” and is 
pronounced “FLEE-der-mouse”). The “Watching in 3-D” lesson includes a simple analysis 
of multibeam data using free viewing software for multibeam imagery in the Fledermaus 
file format.

Note: mention of proprietary names does not imply endorsement by NOAA.

For more information about sonar systems, see http://oceanexplorer.noaa.gov/
technology/tools/sonar/sonar.html. 

Multibeam Sonar Systems Aboard the 
Okeanos Explorer

Okeanos Explorer carries a Kongsberg Maritime 
EM302 deepwater multibeam sonar system. 
Transducers for the system are installed on 
the ship’s hull in a custom-designed housing. 
The system can transmit up to 288 beams, can 
collect as many as 864 depth measurements in a 
single ping, and automatically compensates for 
movements of the ship. The EM302 operates in 
depths ranging between 10 m and 7,000 m. The 
width of the swath is about 5.5 times the depth, 
to a maximum of about 8 km. Depth resolution 
of the system is 1 cm. At a depth of 4,000 m, the 
system can resolve features with a dimension of 
approximately 50 m.

Software packages used to process data from 
the EM302 and to integrate these data with GPS 
information about geographic position and sensor 
data about ship movements include:

Seafloor Information System
CARIS
Fledermaus
arcGIS
SonarWiz
Hypack
MapInfo

This “before and after” image provides a glimpse of Okeanos Explorer’s EM302 mapping system capabilities in deep water. The 
top image shows what we previously knew about the seafloor terrain in the southern Mariana region from satellite altimetry 
data. The bottom image includes an overlay of the information provided by the ship’s EM302 multibeam system. Image 
courtesy of NOAA Office of Ocean Exploration and Research.
http://oceanexplorer.noaa.gov/okeanos/explorations/10index/background/hires/em302_before_after_hires.jpg
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